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1.0  INTRODUCTION 

A  large  and  varied  assortment  of  engines,  fuel  tanks,  mission- 
assistance  pods,  and  weapons  can  be  stored  aboard  contemporary  aircraft, 
especially  military  versions.  In  many  cases,  these  stores  are  attached 
to  the  exterior  of  the  carrier,  or  parent,  aircraft.  Therefore,  prior 
to  routine  flight  operations,  it  is  necessary  to  evaluate  the  aerodynamic 
and  functional  compatibility  of  a  specified  aircraft-store  configuration. 
Two  questions  of  compatibility  that  must  be  answered  are  (1)  can  the 
aircraft  be  flown  safely  with  the  captive  store,  and  (2)  can  the  store 
be  separated  safely  from  the  aircraft  during  flight?  Answers  to  these 
questions  are  customarily  based  on  data  acquired  during  tests  of  appro¬ 
priate  models  in  wind  tunnels.  As  part  of  the  answer  to  the  first 
question,  aerodynamic  loads  acting  on  the  store  in  the  captive  position 
must  be  measured  over  an  appropriate  range  of  parameters  describing  both 
the  physical  configuration  and  the  flight  regime.  In  the  majority  of 
wind  tunnel  tests,  captive  loads  are  measured  using  conventional  "force” 
test  techniques.  The  reactions  of  a  strain-gage  balance  mounted  within 
the  store  to  the  actions  of  the  store  under  the  influence  of  the  flow 
field  are  monitored  as  a  measure  of  the  aerodynamic  forces  acting  on  the 
store.  Several  "techniques"  of  supporting  a  store  in  the  captive  posi¬ 
tion  have  been  used,  but  all  of  these  techniques  may  be  classified  as 
applications  of  one  of  two  "methods,"  either  the  internal  balance  support 
method,  or  the  dual-support  method,  as  Illustrated  in  Fig.  1  and  dis¬ 
cussed  in  Ref .  1 . 

To  aid  in  answering  the  second  question,  the  captive  trajectory 
system  (GTS),  a  dual-support  technique,  has  been  developed.  By  using 
the  CTS,  a  store  can  be  moved  with  respect  to  the  aircraft  in  six 
degrees  of  freedom.  Electrical  signals  commanding  movements  of  the 
store  result  from  calculations  performed  by  a  digital  computer.  Input 
information  for  the  computer  consists  of  measurements  of  parameters 
describing  the  flow  and  the  output  signals  from  the  strain-gage  balance 
mounted  within  the  store.  A  schematic  illustration  of  the  CTS  is  pro¬ 
vided  in  Fig.  2.  A  more  detailed  discussion  of  the  CTS  is  available  in 
Ref .  2 . 

An  interest  in  identifying  and  evaluating  the  effects  on  loads 
acting  on  a  store  of  using  either  of  the  above  methods  to  support  the 
store  in  the  captive  position  led  to  the  study  described  herein.  Since 
inertial  forces  acting  on  a  store  in  captive  flight  are  generally 
greater  than  aerodynamic  forces,  the  impact  of  test  technique  on  struc¬ 
tural  design  loads  is  secondary.  However,  as  a  store  is  released,  the 
contribution  of  captive  aerodynamic  loads  to  the  subsequent  trajectory 
becomes  significant,  and  the  Influence  of  the  technique  used  to  measure 
the  aerodynamic  loads  acting  on  the  store,  especially  In  the  interfer¬ 
ence  flow  field  of  the  aircraft,  should  be  identified.  It  was  recog¬ 
nized  that  when  a  store  was  supported  in  the  captive  position  using  the 
internal- support  method,  the  resulting  configuration  would  be  firmly 
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held  at  the  correct  distance  from  the  aircraft,  and  with  no  alteration 
of  the  afterbody.  The  sole  distortion  of  the  correct  configuration 
would  be  the  bracket  protruding  through  the  upper  surface  of  the  store 
body.  It  was  also  clear  that,  when  using  the  dual-support  method, 
alteration  of  the  afterbody  of  many  stores  was  required  to  accommodate 
the  sting,  and  an  unrealistic  gap  was  maintained  between  the  two  sting- 
supported  bodies  to  prevent  physical  contact  during  testing. 

A  series  of  wind  tunnel  tests  has  been  conducted  in  an  effort  to 
evaluate  all  of  the  above  effects  for  eight  stores  carried  by  a  typical 
contemporary  fighter  aircraft.  Of  the  large  quantity  of  data  that  has 
been  collected,  only  the  effects  of  supporting  the  store  in  a  location 
near  to,  but  not  coincident  with,  the  captive  position  along  the  Z  axis 
of  the  pylon  or  ejector  rack  are  presented  herein.  The  effects  of  the 
presence  of  a  sting,  and  the  effects  of  altering  the  afterbody  of  a 
store  are  presented  in  an  earlier  report  (Ref.  3). 


2.0  EXPERIMENTAL  APPARATUS 


2.1  TEST  FACILITY 

Tests  were  conducted  in  the  Aeroydnamic  Wind  Tunnel  (4T)  of  the 
Propulsion  Wind  Tunnel  Facility,  a  closed-circuit  design  in  which  con¬ 
tinuous  flow  can  be  maintained  at  various  density  settings.  Mach  number 
in  the  free  stream  can  be  set  at  any  value  from  0.2  to  1.3,  Nozzle 
blocks  can  be  installed  to  provide  discrete  Mach  numbers  of  1,6  and  2.0. 
Stagnation  pressure  can  be  established  at  values  from  300  to  3,700  psfa. 
The  test  section  is  4  ft  square,  12.5  ft  long,  and  is  equipped  with 
perforated  walls  that  can  be  adjusted  by  remote  control  to  provide  a 
porosity  in  the  nominal  range  of  from  zero  to  10  percent  open  area.  A 
desired  fraction  of  the  flow  through  the  test  section  can  be  evacuated 
through  the  porous  walls  into  a  plenum  chamber  in  which  the  test  section 
is  completely  enclosed. 

Models  are  supported  in  the  test  section  with  a  conventional  strut¬ 
sting  system.  A  model  can  be  pitched  from  approximately  -12  to  28  deg 
with  respect  to  the  centerline  of  the  tunnel.  A  capability  of  rolling  a 
model  from  -180  to  180  deg  about  the  centerline  of  the  sting  is  also 
available.  An  Illustration  of  a  typical  model  installed  for  testing 
using  the  CTS  is  presented  in  Fig.  3. 
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2,2  MODELS 
2.2.1  Aircraft 

t  > 

It  was  considered  desirable  by  the  sponsor  of  the  research  to 
obtain  data  for  realistic  aircraft  and  store  configurations  rather  than 
for  highly  simplified  and  idealized  wing-body  shapes.  After  consideration 
of  several  contemporary  aircraft  configurations,  the  F-4C  was  selected 
(Fig.  4).  A  primary  reason  for  the  selection  was  the  capability  of  the 
F-4C  to  carry  both  pylon-mounted  and  rack-mounted  stores.  (’’Pylon- 
mounted"  stores  include  rather  large  stores.  In  flight,  only  one  of 
these  stores  is  normally  mounted  on  a  pylon,  "Rack-mounted"  stores 
include  rather  small  stores,  several  of  which  can  be  carried  on  a  pylon 
through  the  use  of  either  a  triple  ejector  rack  (TER)  or  a  multiple 
ejector  rack  (MER) ,  Eig.  5.)  Several  other  specific  factors  also  influ¬ 
enced  the  selection:  (1)  the  F-4C  is  a  low-wing  configuration,  and  as 
such,  the  flow  field  in  the  vicinity  of  the  stores  is  not  complicated  by 
sidewash  from  the  fuselage,  (2)  an  extensive  collection  of  data  was 
available  from  previous  flow  field  and  store  separation  tests  using  the 
F-4C,  and  (3)  a  model  of  suitable  scale  was  available. 

For  the  tests  involving  pylon-mounted  store  configurations,  the 
right-wing  pylons  were  omitted,  but  the  centerline  (C-L) ,  left  Inboard 
(LIB),  and  left  outboard  (LOB)  pylons  were  always  installed.  During  the 
tests  Involving  rack-mounted  stores,  the  right  inboard  and  right  out¬ 
board  pylons  were  also  installed.  Pylon-mounted  store  models  were 
tested  on  only  one  pylon  at  a  time,  with  other  pylons  empty.  Rack¬ 
mounted  store  models  were  tested  on  only  one  specified  rack,  mounted  on 
only  one  specified  pylon  at  a  time,  and  with  other  pylons  empty.  On  the 
rack,  however,  the  store  model  with  the  internal  balance  was  moved  from 
station  to  station  in  a  realistic  release  sequence.  All  other  appro¬ 
priate  rack  stations  were  fitted  with  dummy  (empty)  models  of  the  store 
configuration.  An  example  of  MER  loading  would  be  as  follows:  with  the 
balance-mounted  store  model  on  MER  station  4  (see  Fig.  6  for  rack  sta- 

numbering),  stations  1 ,  2,  and  3  would  be  empty,  and  dummy  models 
would  be  mounted  on  stations  5  and  6. 

Additional  details  of  the  pylons  are  presented  in  Fig.  7.  Through¬ 
out  all  tests,  the  tail  surfaces  of  the  F-4C  model  were  omitted.  Air¬ 
flow  was  allowed  through  the  simulated  engine  ducts,  with  cruise  con¬ 
figuration  exhaust  ports  installed.  For  convenience,  testing  was  accom¬ 
plished  with  the  F-4C  installed  inverted  in  the  test  section. 
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2.2.2  Stores 

During  the  process  of  selecting  store  configurations  for  the  inves¬ 
tigation,  stores  were  classified  first  as  either  pylon-mounted  or  rack¬ 
mounted,  as  defined  in  Section  2.2.1.  Within  these  two  categories, 
stores  were  further  classified  as  either  stable  or  unstable.  Further, 
two  stores  were  selected  from  each  of  these  four  sub-categories,  one 
with  a  blunted-base  design  that  would  accommodate  a  sting  without  altera¬ 
tion  of  the  afterbody,  and  one  with  an  afterbody  shape  that  would  re¬ 
quire  significant  alteration  to  allow  insertion  of  a  sting.  Hence, 
eight  stores  were  tested  during  the  investigation. 

Pylon-mounted  stores  included  the  unstable  Black  Crow  gun  pod,  the 
stable  Hard  Structure  Munition  (HSM) ,  the  unstable  BLU-1  bomb,  and  the 
stable  M-118  bomb,  all  depicted  in  Fig.  B.  Rack-mounted  stores  included 
the  unstable  All-Altitude  Spin-Projected  dispenser  (ASP),  the  stable 
CBU-24  bomb,  the  unstable  CBU— 46  (SUU— 7)  launcher  pod,  and  the  stable  MK 
83  bomb,  all  depicted  in  Fig.  9.  Miscellaneous  dimensions  of  the  store 
models  are  presented  in  Table  1. 

22.3  Internal  Balance  Support  Brackets 

To  obtain  measurements  of  aerodynamic  loads  acting  on  store  models 
in  the  captive  position,  the  internal  bracket  support  (IBS)  technique 
was  used.  Store  models  on  which  aerodynamic  loads  were  being  measured 
were  securely  fastened  to  one  end  of  a  six-component  strain-gage  bal¬ 
ance.  The  other  end  of  the  balance  was  firmly  supported  through  use  of 
a  rigid  bracket  protruding  through  the  upper  surface  of  the  store  model 
and  tightly  attached  to  the  appropriate  pylon  or  rack.  To  allow  unre¬ 
stricted  reaction  of  the  store  model  (hence  the  balance)  to  aerodynamic 
loading,  the  opening  in  the  upper  surface  of  the  store  model  through 
which  the  bracket  protruded  was  made  large  enough  to  ensure  a  clearance 
of  at  least  0.050  in.  around  the  bracket.  A  drawing  of  a  typical  in¬ 
stallation  is  presented  in  Fig.  10.  The  base  of  each  bracket— mounted 
store  model  was  either  fabricated  as  solid,  or  later  filled  in  with  a 
plug  to  prevent  flow  through  the  interior  of  the  store  model  and  past 
the  balance - 

2.2.4  Stings 

To  obtain  measurements  of  aerodynamic  loads  acting  on  store  models 
as  a  function  of  normal  separation  distance  from  the  captive  position, 
the  dual-support  technique  was  used.  The  parent  aircraft  was  supported 
on  one  sting  attached  to  the  conventional  tunnel  pitch  sector,  while  the 
store  models  were  supported  on  a  separate  sting  attached  to  the  CTS. 

Two  store  stings  were  used,  one  for  each  of  the  fundamental  categories 
of  stores  identified,  i.e«,  pylon-mounted  and  rack-mounted.  For  the 
larger,  pylon-mounted  store  models,  the  sting  was  of  0.4-in.  diameter. 

For  the  smaller,  rack-mounted  store  models,  the  sting  was  of  0.25-in. 
diameter.  These  stings  represented  typical  sizes  used  with  similar 
models  in  routine  tests.  Dimensions  of  the  stings  are  presented  in 
Fig.  11. 
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To  ensure  matching  of  the  captive  store  configurations  tested  using 
the' IBS -and  dual-support  techniques,  a  dummy  sting  was  supported  down¬ 
stream  of  the  store  model  when  using  the  IBS  technique.  The  dummy  sting 
configurations  matched  the  functional  stings,  and  a  dummy  sting  holder, 
attached  to  the  parent  aircraft  sting,  simulated  the  CTS  equipment.  A 
schematic  comparison  of  an  actual  sting-mounted  configuration  with  the 
corresponding  dummy  sting  installation  is  presented  in  Fig.  12.  A 
complete  description  of  the  dummy  sting  installation  is  contained  in 
Ref.  3. 


2.3  INSTRUMENTATION 

.  Conventional  strain-gage  balances  were  used  to  sense  the  aerody¬ 
namic  forces  acting  on  the  store  models.  Six  components  of  forces  and 
moments  were  resolved,  as  described  in  Section  3.3. 

The  gravimetric  angle  of  attack  of  the  parent  aircraft  model  was 
sensed  with  an  oil-damped  pendulum  fitted  with  strain  gages  and  mounted 
in  the  aircraft  model.  Using  the  internal  sensor  for  setting  and  re¬ 
cording  the  angle  of  attack  of  the  parent  aircraft  model  rather  than  the 
purely  mechanical  indication  associated  with  the  standard  tunnel  pitch 
sector,  it  was  unnecessary  to  separately  account  for  deflections  of  the 
aircraft  model-sting  combination.  The  gravimetric  angle  of  attack  of 
the  store  model  was  matched  to  that  of  the  aircraft  model  using  the  CTS 
technique  of  computer-commanded  servomechanisms.  Sting  and  balance 
deflections  for  the  store  were  included  in  the  computations  carried  out 
by  the  computer  in  commanding  the  servomechanisms. 


3.0  DESCRIPTION  OF  TESTS 


3.1  FLOW  CONDITIONS  AND  TEST  PROCEDURES 

Aerodynamic  forces  and  moments  acting  on  the  store  models  were 
measured,  with  some  exemptions,  at  nominal  free-stream  Mach  numbers  of 
0.6,  0.8,  0.9,  1.1,  and  1.2.  Reynolds  number  was  maintained  at  approxi¬ 
mately  3.5  X  106  per  foot  throughout  the  tests.  Porosity  of  the  test 
section  walls  was  varied  in  a  manner  determined  through  previous  cali¬ 
bration  studies  in  the  tunnel  to  minimize  wall  Interference  and  buoyancy 
effects  (Refs.  4  and  5). 

As  discussed  in  Section  1,0,  a  store  model  was  supported  in  the 
captive  position  in  one  of  two  ways:  with  an  internal  bracket  attached 
directly  to  the  pylon  or  rack  (IBS  method) ,  or  with  a  conventional  rear- 
entry  sting  separate  from  the  aircraft  sting  (CTS  method).  The  proce¬ 
dure  used  in  setting  aircraft  attitude  was  the  same  for  both  methods, 
i.e.,  flow  conditions  were  established  before  attitude  was  set.  For  IBS 
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tests,  the  aircraft  was  simply  pitched  through  a  sequence  of  angles  of 
attack,  pausing  for  about  three  sec  at  each  value  to  record  data.  Only 
the  data  recorded  at  an  aircraft  angle  of  attack  (gravimetric)  of  one 
deg  (with  respect  to  the  waterline  of  the  aircraft)  are  presented  herein. 
At  this  attitude,  the  gravimetric  angle  of  attack  of  the  store  was  zero 
deg.  In  runs  made  using  the  dual-sting  support  method  (GTS),  loads 
acting  on  the  store  were  acquired  not  only  at  the  captive  position,  but 
also  in  the  flow  field  along  a  path  of  approach  to  the  captive  position. 
For  pylon-mounted  stores,  after  the  attitude  of  the  aircraft  was  set, 
and  using  the  gravimetric  angle  of  attack  of  the  parent  aircraft  model 
(Section  2.3)  as  a  reference  value,  the  CTS  was  used  to  position  the 
store  model  in  an  appropriate  corresponding  attitude,  aligned  in  pitch, 
yaw,  roll,  axial,  and  lateral  degrees  of  freedom  (according  to  pretest 
calibrations),  but  separated  from  the  captive  position  in  the  Z  direc¬ 
tion,  as  Illustrated  in  Fig.  13.  Upon  signal  from  the  operator,  the 
store  model  was  translated  in  an  approach  to  the  captive  position  along 
the  Z  direction  only,  and  at  fixed  gravimetric  attitude.  The  approach 
motion  was  terminated  upon  contact  of  the  store  model  with  the  touch- 
wire,  a  0. 030-in.-diam  wire  protruding  from  the  pylon  or  rack,  lightly 
spring-loaded  to  avoid  damage  to  the  balance,  and  electrically  insulated 
from  the  parent  aircraft  so  as  to  function  as  a  switch.  Data  points 
were  recorded  at  finite  intervals  along  the  approach  path.  After  com¬ 
pleting  an  approach  sequence,  motion  along  the  approach  path  was  re¬ 
versed,  and  additional  data  points  were  recorded  as  the  store  model 
receded  to  a  location  well  away  from  the  aircraft  model,  usually  about 
five  or  six  store  diameters.  After  all  data  were  recorded,  the  store 
model  was  positioned  approximately  one  store  diameter  from  the  aircraft 
model  while  the  attitude  was  changed.  The  approach  sequence  was  then 
repeated.  Gravimetric  angle  of  attack  of  the  aircraft  model  was  set  at 
nominal  values  of  -4  to  10  deg  in  2-deg  increments.  For  rack-mounted 
stores,  a  similar  procedure  was  followed,  but  the  approach  path  was 
either  a  simple  Z-axls  movement  parallel  to  the  Zx  axis  for  the  bottom 
stations  of  a  rack  or  an  oblique  path  in  the  Y^-Zx  plane  for  the  shoul¬ 
der  stations.  Diagrams  of  the  approach  axes  used  for  the  various  pylon 
and  rack  combinations  are  presented  in  Fig,  13.  The  roll  angle  of  the 
store  model  was  monitored  by  the  computer  for  automatic  selection  of  the 
appropriate  approach  motion. 


32  CORRECTIONS 

As  discussed  in  Section  2.3,  the  attitude  of  the  aircraft  model  was 
set  using  a  gravity-sensing  device  mounted  in  the  model.  Therefore,  no 
correction  was  necessary  for  deflections  of  the  aircraft  model  with 
respect  to  the  sting,  or  for  deflections  of  the  sting  with  respect  to 
the  pitching  sector.  For  the  balances  used  inside  the  store  models, 
calibrations  of  the  deflections  of  the  mounting  point  of  the  store  as  a 
function  of  impressed  load  were  used  to  identify  contributions  of  bal¬ 
ance  and  sting  flexibility  to  the  attitude  of  the  store  model.  The 
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calibration  data  were  used  In  the  data  reduction  equations  to  derive  the 
correct  gravimetric  attitude  of  the  store  model.  (It  is  appropriate  to 
recall  here  that  all  store  models  were  supported  with  longitudinal  axis 
parallel  to  the  lower  surface  of  the  pylons,  i.e.,  with  a  one-deg  nose- 
down  attitude  with  respect  to  the  waterline  of  the  aircraft  model. 

Fig",  7.)  No  corrections  were  made  in  either  aircraft  or  store  model 
attitude  to  account  for  flow  angularity  in  the  free  stream. 


3.3  PRECISION  OF  MEASUREMENTS 

Uncertainty  intervals  (including  95  percent  of  the  calibration 
data)  for'  the  basic  flow  parameters,  i.e.,  and  1^,  were  estimated 
from  both  repeated  calibrations  of  the  instrumentation  and  the  repeat¬ 
ability  and  uniformity  of  the  free-stream  flow  in  the  test  section 
during  tunnel  calibration.  Uncertainty  intervals  for  the  instrumenta¬ 
tion  systems  were  estimated  from  repeated  calibrations  of  the  systems 
using  secondary  standards  with  accuracies  traceable  to  the  National 
Bureau  of  Standards.  Uncertainty  Intervals  for  values  of  forces  and 
moments  derived  from  the  output  of  the  balance  gages  were  determined 
from  a  root-mean- square  analysis  of  the  calibration  data  for  the  balance. 
Values  of  the  above  uncertainties  were  combined  using  the  Taylor  series 
method  of  error  propagation  to  determine  the  precision  of  the  force  and 
moment  coefficients.  Values  of  the  uncertainty  intervals  for  the  force 
and  moment  coefficients  for  all  models  tested  are  presented  in  Table  2. 

I 

For  all  flow  conditions,  the  uncertainty  interval  for  gravimetric 
angle  of  attack  was  ±0.1  deg.  However,  two  uncertainty  intervals  must 
be  cited  for  Mach  number.  First,  the  uncertainty  in  setting  Mach  number 
was  ±0.002,  reflecting  instrumentation  capabilities.  Second,  there  was 
the  uncertainty  in  Mach  number  in  the  free  stream,  attributable  to 
nonuniform  flow  effects  such  as  angularity.  A  table  of  values  of  the 
uncertainty  interval  for  Mach  number  is  presented  below: 

Nominal  M  Uncertainty  in  M 

0.6  ±0.005 

0.8  ±0.005 

0.9  ±0.003 

1.1  ±0.006 

1.2  ±0.010 

The  precision  with  which  the  store  model  could  be  positioned  in  the 
tunnel  was  determined  primarily  by  minor  imperfections  in  the  hardware 
of  the  CTS,  and  Inexact  corrections  for  the  effects  of  system  flexibility 
in  response  to  static  and  dynamic  loading  during  tunnel  operation. 
Translational  movements  could  be  completed  to  within  ±0. 050  In. ,  and 
rotational  movements  to  within  ±0. 150  deg. 
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4.0  DtSCUSSION  OF  RESULTS 

When  considering  the  results  of  the  tests,  it  should  be  noted  that 
the  aircraft-store  combinations  investigated  were  not  necessarily  prac¬ 
tical.  Specifically,  even  though  the  size,  shape,  and  salient  features 
of  both  aircraft  and  store  models  were  correctly  scaled,  the  store 
models  were  mounted  on  the  aircraft  model  in  positions  that  did  not 
necessarily  correspond  to  accepted  operational  practice.  For  instance, 
when  the  TER  was  installed  on  the  left  wing  Inboard  pylon,  the  other 
pylons  were  empty,  thereby  loading  the  aircraft  asymmetrically.  Further, 
during  tests  of  pylon-mounted  stores,  an  excessive  gap  was  maintained 
between  stores  and  pylons  (approximately  2.5  in.  full  scale),  while 
throughout  the  tests  of  rack-mounted  stores,  the  gap  was  varied  slightly 
from  store  to  store.  Equivalent  full-scale  gaps  maintained  thoughout 
the  tests  were  approximately  0.8  in.  for  the  ASP  and  CBU-24  (SUU-30) 
stores,  1.0  in.  for  the  CBU-46  (SUU-7)  store,  and  1.8  in,  for  the  MK  83 
store. 

As  discussed  in  Section  3.1,  loads  acting  on  the  store  models  were 
acquired  in  two  ways:  with  the  balance  supported  by  a  bracket  attached 
to  the  pylon  or  rack,  and  with  the  balance  supported  by  a  sting  mounted 
in  the  CTS  rig.  Since  a  dummy  sting  was  mounted  downstream  of  the 
bracket-mounted  store  model,  the  physical  appearances  of  the  two  sepa¬ 
rate  installations  of  a  given  store  were  quite  similar.  Hence,  data 
acquired  with  the  store  model  supported  by  a  bracket  could  be  compared 
with  sting-mounted  data.  One  difference  in  the  configurations  did 
exist,  however,  that  in  retrospect  was  apparently  significant:  In  the 
sting-mounted  mode,  data  were  recorded  with  the  store  model  merely  near, 
but  not  necessarily  coincident  with,  the  captive  position  because  of  the 
termination  of  CTS  movement  brought  about  by  contact  between  store  model 
and  touchwlre.  As  discussed  in  subsequent  sections,  strong  gradients 
and  inflections  in  the  trends  of  loads  acting  on  a  store  near  the  cap¬ 
tive  position  were  often  observed  or  indicated,  making  it  extremely 
desirable  to  obtain  data  within  the  range  of  the  length  of  the  touch- 
wire.  At  the  other  extreme,  however*  as  the  store  model  was  separated 
from  the  captive  position  by  significant  distance  (over  five  or  six 
store  diameters),  it  was  observed  that  the  loads  acting  on  the  store 
model  approached  free-stream  values,  i.e. ,  essentially  zero  (for  all 
components  except  axial  force)  for  the  symmetrical  store  configurations 
investigated,  and  at  zero  angle  of  attack. 

Attention  should  also  be  given  to  the  bracket  used  to  support  the 
balance  in  the  IBS  mode  of  testing.  To  allow  firm  attachment  to  the 
aircraft  model,  the  bracket  in  each  case  protruded  through  the  upper 
surface  of  the  store  model.  Since  the  appearance  of  the  bracket  was 
that  of  a  solid  blade,  or  fin  bridging  the  gap  between  store  model  and 
pylon  (or  rack),  it  is  plausible  that  the  essential  effect  of  the  bracket 
on  the  flow  was  the  same  as  an  extension  of  the  pylon  or  rack.  (An 
investigation  of  such  an  effect  is  underway.)  It  can  be  estimated  that 
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the  effect  of  the  bracket  was  to  disturb  the  pressure  distribution  over 
the  upper  surface  of  the  store  model,  resulting  in  a  decrease  in  normal 
force  and  a  forward  shift  in  the  location  of  the  center  of  pressure. 


4.1  -PYLON-MOUNTED  STORES 

4.1.1  Unstable  Configurations 

■Aerodynamic  loads  acting  on  two  unstable  pylon-mounted  store  config¬ 
urations,  the  Black  Crow  and  the  BLU-1,  are  presented  in  Figs,  14  through 
19,  and '20,  respectively.  Data  were  acquired  for  the  Black  Crow  mounted, 
successively,  on  three  different  pylons  at  four  Mach  numbers,  but  for 
the -BLU-1  mounted  on  just  the  LIB  pylon  at  the  same  four  Mach  numbers. 
Hence,  in  presenting  the  data,  two  different  formats  were  adopted;  for 
the  Black  Crow,  values  of  one  coefficient  at  one  Mach  number  for  all 
three  pylons  are  presented  on  a  given  page;  for  the  BLU-1,  values  of  one 
coefficient  for  all  four  Mach  numbers  and  the  one  pylon  are  presented  on 
a  page. 

Throughout  Figs.  15  through  19,  it  is  clear  that  good  agreement 
exists  between  bracket— supported  and  dual  sting-supported  loads.  Only 
fragmentary  data  are  available  for  some  cases;  however,  it  appears  that 
for  Mo,  <  1 ,  the  variation  of  all  load  components  with  separation  from 
the'  captive  position  is  apparently  a  simple  exponential  decay  to  free- 
stream  values. 

Comparing  separate  graphs,  a  variation  is  noted  in  the  Z/D  coordi¬ 
nate  of  the  data  point  closest  to  the  bracket-supported  captive  position. 
Spatial  location  of  the  captive  position  could  not  be  precisely  repeated 
because  of  the  use  of  the  touchwlre  system  to  ensure  the  absence  of 
fouling  between  aircraft  and  store  models.  Since  the  CTS  was -used  to 
move  the  store  model  about  in  the  test  section,  as  described  in  Section 
3.1,  reference  coordinates  for  contact  with  the  touchwire  (captive 
position)  were  required.  These  coordinates  were  recorded  during  wind- 
off  installation  procedures.  However,  during  wind-on  testing,  deflec¬ 
tions  of  both  aircraft  and  store  models  occurred,  compromising  the 
validity  of  the  recorded  coordinates.  Compensation  for  deflections  of 
the  store  model  was  accomplished  using  information  available  from  the 
balance  outputs,  but  since  there  was  no  balance  in  the  aircraft  model, 
it  was  not  possible  to  compensate  for  deflections  of  the  aircraft  model. 

Within  the  smooth  portion  of  the  load-decay  curves,  generally  for 
Z/D  >  0.4,  an  occasional  data  point  not  conforming  to  the  curve  may  be 
ignored  as  extraneous.  However,  at  Mach  numbers  exceeding  1.0,  and  for 
Z/D  <0.4,  there  is  ample  evidence  to  indicate  that  the  variation  of 
store  loads  with  separation  distance  is  not  necessarily  a  simple  expo¬ 
nential  decay  (cf,  any  of  the  data  of  Figs.  14  through  27  that  correspond 
to  Moo  =  1.1  and  1,2).  The  existence  of  many  data  points  that  appear  to 
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be  spurious,  yet  were  accumulated  for  a  variety  of  store  configurations, 
pylon  positions,  flow  conditions,  and  instants  in  time,  should  be  an 
indication  of  consistency  in  flow  phenomena  rather  than  of  random  or 
transient  events.  It  is,  therefore,  concluded  that  there  are  strong 
gradients  in  normal  and  side  forces,  and  pitching  and  yawing  moments 
acting  on  a  pylon-mounted  store  in  locations  very  near  the  captive 
position,  say  Z/D  <  0.2. 

Throughout  Figs.  16,  17,  and  20c  and  d,  it  is  clear  that  axial 
force  and  rolling  moment  are  almost  constant  for  all  Mach  numbers  and  ■ 
pylon  positions,  with  very  small  gradients  in  the  flow  field.  For  an 
unstable  store,  of  course,  the  behavior  of  the  rolling  moment,  i.e. , 
vanishingly  small  value  showing  no  change,  is  predictable.  The  near¬ 
constant  value  of  axial  force  is  likewise  not  astonishing,  and  could 
justify  omitting  the  axial-force  element  in  the  design  of  a  balance  to 
meet  size  or  shape  limitations. 

4.1,2  Stable  Configurations 

In  Figs.  21  through  26,  and  27,  respectively,  are  presented  aero¬ 
dynamic  loads  acting  on  the  Hard  Structure  Munition  (HSM) ,  and  the  M- 
118,  both  stable  pylon-mounted  store  configurations.  Data  were  acquired 
for  the  HSM  mounted,  successively,  on  three  different  pylons  at  four 
Mach  numbers,  but  the  M-118  was  tested  on  just  the  LIB  pylon  at  the  same 
four  Mach  numbers.  As  in  the  case  of  unstable  configurations,  the 
format  in  which  the  data  are  presented  is  changed,  as  appropriate,  to 
Include  either  all  pylons  or  all  Mach  numbers  on  a  page  for  a  given  load 
component. 

Agreement  between  approach  data  and  captive  data  is  generally  good 
for  the  HSM  (Figs.  21  through  26),  excellent  for  the  M-118  (Fig.  27). 
Complete  approach  data  were  not  acquired  in  every  case  with  the  HSM, 
precluding  a  firm  conclusion  concerning  the  nature  of  the  variation  of 
load  components  through  the  flow  field.  Only  the  approach  data  to  the 
LIB  pylon  at  M„  =  0.9  were  acquired  over  a  substantial  range  of  values 
of  Z/D.  Considering  the  axial-force  data,  it  appears  that  even  the 
limited  data  of  Figs,  23b  and  c  indicate  a  simple  exponential  decay 
similar  to  the  unstable  stores  (Section  4.1.1).  However,  these  data  are 
strictly  valid  for  only  Mach  numbers  0.9  and  1.1,  and  the  danger  of 
generalization  is  demonstrated  by  the  axial-force  data  for  the  M-118, 
Fig.  27c.  An  exponential  decay  adequately  describes  the  data  except  for 
Mach  number  1.2,  at  which  a  slight  increase  in  axial  force  is  noted  as 
separation  distance  increases.  The  increase,  not  evident  in  the  case  of 
the  HSM  at  a  subsonic  condition  (Fig.  23b,  the  only  complete  axial- 
force  "trajectory"  available  for  comparison),  can  probably  be  attributed 
to  increasing  interference  from  shock  structures  developing  in  the  flow 
field  as  the  store  model  is  separated  from  the  aircraft. 
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No  conclusive  explanation  is  offered  for  the  discrepancies  between 
approach  data  and  bracket-supported  data  for  side  force  and  pitching 
moment  (Figs.  22  and  25).  As  discussed  in  Section  4.1.1,  there  is  a 
tendency  for  Inflections  and  relatively  strong  gradients  in  both  forces 
and  moments  to  develop  for  0  <  Z/D  <0.2  (cf.  Figs.  21a  and  c,  and  25a 
and  c) . 

An  interesting  .trend  is  observed  in  yawing  moment  for  both  stable 
store  configurations  (Figs.  26b  and  27f);  as  the  store  model  is  sepa¬ 
rated  from  the  captive  position  on  the  LIB  pylon,  yawing  moment  in¬ 
creases  from  an  initial  negative  value  (nose  left,  or  outboard)  to  a 
positive  value  (nose  right,  or  Inboard)  before  decreasing  to  the  ex¬ 
pected  free-stream  value  of  zero.  In  the  absence  of  complete  "trajec¬ 
tories"  from  other  pylons,  no  statement  can  be  made  concerning  the 
existence  of  the  trend  at  other  locations.  However,  at  the  LIB  pylon, 
because  of  the  Mach  numbers  at  which  the  trajectories  are  noted  (0.9, 
1.1,  and  1.2),  the  trend  apparently  exists  throughout  the  transonic 
range,  when  the  Interference  flow  field  to  which  the  store  model  is 
exposed  contains  regions  of  critical  flow.  It  is  possible  to  attribute 
the  changes  in  sense  of  the  yawing  moment  to  changing  pressure  distri¬ 
butions,  perhaps  because  of  shocks  impinging  on  the  store,  since  the 
side  force  is  essentially  constant  in  both  cases  (Figs.  22b  and  27b). 


4.2  RACK  MOUNTED  STORES 
42,1  Unstable  Configurations 

Two  unstable  rack-mounted  store  configurations  were  Investigated, 
the  ASP  and  the  CBU-46  {SUU-7)  launcher  pod.  The  ASP  was  tested  on  the 
MER,  mounted  on  the  C-L  and  LOB  pylons  (Figs.  28  through  33  and  34 
through  39),  and  the  CBU-46  was  tested  on  the  TER,  mounted  on  just  the 
LIB  pylon  (Figs.  41  through  46) .  Aerodynamic  loads  acting  on  the  ASP 
and  CBU-46  were  acquired  with  the  store  models  approaching  (and/or 
receding  from)  MER  stations  1,  2,  3,  and  4,  and  TER  stations  2  and  3, 
respectively.  Data  corresponding  to  trajectories  from  either  all  four 
MER  stations  or  both  TER  stations,  as  appropriate,  and  on  one  pylon 
station  are  presented  on  each  page  for  one  Mach  number. 

Upon  inspection  of  the  normal  force  data  for  the  ASP  on  the  C-L 
pylon  at  Mach  number  0.6,  Fig.  28a,  it  would  appear  that  the  bracket- 
support  (captive)  and  dual-support  (approach)  data  are  in  good  agreement 
for  all  stations  except  MER  station  2.  For  MER-2,  the  discrepancy 
between  the  measurements  made  with  the  two  techniques  appears  to  be 
irreconcilable.  However,  upon  examination  of  normal-force  data  for  MER- 
2  at  Mach  numbers  0.9,  1.1,  and  1.2,  Figs.  28b,  c,  and  d,  respectively, 
it  appears  certain  that  the  discrepancy  is  not  real,  but  rather  that 
there  are  inflections  and  severe  gradients  in  the  normal  force  acting  on 
the  store  model  when  0  <  Z/D  <  0.2,  just  as  noted  for  the  large  pylon- 
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mounted  configurations  (Section  4.1).  Allowing  for  slight  errors  in 
locating  the  store  with  respect  to  the  captive  position  as  described  in 
Section  4.1.1,  it  appears,  in  fact,  that  the  two  test  techniques  yield 
data  that  are  in  very  good  agreement.  Equally  good  results  are  evident 
for  both  side  force  and  axial  force  (Figs.  29  and  30)  except  that  the 
most  severe  inflection  and  gradient  occurs  for  MER  station  3.  For  the 
unstable  ASP,  rolling  moment  is,  of  course,  negligible  throughout  the 
flow  field  (Fig.  31).  Pitching-moment  and  yawing-moment  data  (Figs.  32 
and  33,  respectively)  also  indicate  excellent  agreement  between  captive 
and  approach  techniques. 

In  all  cases,  data  points  are  connected  not  by  faired  curves,  but 
by  straight-line  segments.  Despite  the  discontinuous  fairing  of  the 
data,  it  is  interesting  to  note  that  for  all  MER  stations  and  Mach 
numbers,  the  decay  of  loads  to  free-stream  values  cannot  be  described  by 
a  simple  exponential  function,  except  for  axial  force. 

Figures  34  through  39  Include  data  for  the  ASP/MER  combination  on 
the  LOB  pylon.  Again,  as  for  the  C-L  pylon  data,  very  good  agreement 
between  captive  and  approach  data  is  observed  for  normal  force  (Fig.  34). 
The  most  severe  gradients  occur  for  MER  station  2,  and  the  decidedly 
non-exponential  decay  to  free-stream  values  is  evident,  just  as  for  the 
C-L  pylon.  Rolling  moment  is  predictably  negligible  throughout  the 
flow  field  (Fig.  37),  Axial  force  generally  decays  exponentially  through 
the  flow  field,  except  for  MER  station  3  at  Mach  number  0.6,  for  which 
the  inflection  and  strong  gradient  phenomenon  appears  (not  previously 
observed  for  axial  force)  (Fig.  36a).  Equally  surprising  is  the  expo¬ 
nential  Increase  in  axial  force  for  Mach  numbers  of  0.9  and  above  for 
the  store  model  separating  from  MER  stations  1  and  3  (Figs.  36b,  c,  and 
d) .  Side  force  is  somewhat  erratic  near  MER  stations  3  and  4  (Fig.  35), 
varying  from  nose-inboard  to  nose-outboard  values  over  very  small  ranges 
of  values  for  Z/D.  At  subsonic  conditions,  yawing  moment  corresponds  to 
side  force  consistently,  l.e,,  positive  side  force-positive  yaw,  and 
negative  side  force-negative  yaw,  except  for  MER  station  4  at  Mach 
number  0.9  (cf.  Figs.  35b  and  39b).  Even  more  inconsistent  results  are 
noted  for  Mach  numbers  1.1  and  1.2  (Figs.  35c  and  d  and  39c  and  d). 
Particular  attention  is  drawn  to  MER  stations  3  and  4,  for  which  yawing 
moment  is  of  opposite  sign  to  side  force  for  Z/D  <  0.5,  but  of  the  same 
sign  for  Z/D  >  1,0.  Normal-force  and  pitching-moment  variations  are 
equally  disturbing  (Figs.  34  and  38).  It  is  apparent  that  the  pressure 
distribution  over  the  store  changes  as  a  function  of  Z/D,  specifically 
in  the  flow  field  near  the  captive  position. 

In  1971,  Smith  (Ref.  6)  hypothesized  rapid  changes  in  pitching  and 
yawing  moments  as  a  store  leaves  a  "sheltered"  position  such  as  MER 
station  3.  He  was  inspired  to  do  so  by  serious  discrepancies  between 
flight-test  trajectories  and  analytically  predicted  trajectories.  In 
his  analytical  approach.  Smith  used  tables  of  free-stream  loads  acting 
on  the  store  as  a  function  of  Mach  number  and  angle  of  attack,  with 
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contributions  of  the  Interference  flow  field  of  the  aircraft  included 
through  use  of  a  table  of  influence  coefficients.  However,  the  influ¬ 
ence  coefficients  were  assumed  to  decrease  linearly  with  Z/D,  and  inflec¬ 
tions  and  severe  gradients  of  the  type  noted  above  were  not  anticipated. 
The  probable  existence  of  strong  gradients  was  indicated  by  store  atti¬ 
tudes  determined  from  in-flight  data  which  disagreed  with  predicted 
first  maximum  pitch  and  yaw  attitudes  by  as  much  as  12  deg.  Smith's 
conjecture  is  apparently  substantiated  by  the  wind  tunnel  data  described 
herein.  Both  Smith's  in-flight  data  and  the  wind  tunnel  data  clearly 
Illustrate  the  complexity  of  the  flow  field  through  which  MER-mounted 
stores  must  pass  during  separation,  especially  from  outboard  pylon 
stations.  That  equally  complex  flow  fields  exist  around  TER  installa¬ 
tions  can  be  seen  in  Fig.  40  (taken  from  Ref.  7).  Local  flow  velocities 
were  measured  with  a  tiny  probe  over  a  grid  of  locations  near  the  LIB 
pylon  of  an  F-4C  at  Mach  number  0.85.  Differences  exist  between  the 
configuration  of  Fig.  40  and  the  configurations  tested  for  the  study 
discussed  herein,  such  as  the  presence  of  the  fuel  tank  and  the  fact 
that  the  store  was  the  M-117  bomb,  but  the  data  of  Fig.  40,  acquired  at 
a  fuselage  station  near  the  aft  end  of  the  TER  (consequently  near  the 
fins  of  a  stable  store),  surely  indicate  clearly  the  severe  flow  gra¬ 
dients  to  which  a  rack-mounted  store  could  be  exposed. 

Presented  in  Figs.  41  through  46  are  loads  acting  on  the  unstable 
CBU-46  store  configuration  both  in  the  captive  position  and  approaching 
the  shoulder  stations  of  the  TER-9A  on  the  LIB  pylon.  During  the  tests, 
only  the  two  shoulder  stations  of  the  TER  were  occupied;  when  the  instru¬ 
mented  model  was  mounted  on  one  station,  a  dummy  model  was  mounted  on 
the  other. 

,  At  first  glance,  the  approach  data  appear  to  be  discontinuous  at 
approximately  Z/D  =  0.4.  The  discontinuous  appearance  is  false,  though, 
because  of  the  manner  in  which  data  were  acquired.  Data  were  actually 
acquired  both  approaching  and  receding  from  the  captive  position,  as 
described  in  Section  3.1,  resulting  in  redundant  coverage  of  approximately 
the  range  0  <  Z/D  <  0.4.  Since  the  redundant  approaching  and  receding 
data  are  in  slight  disagreement,  there  is  apparently  some  hysteresis 
from  an  unidentified  source. 

Agreement  between  approach  data  and  captive  data  is  excellent  for 
all  load  components  at  TER  station  2,  but  only  fair  for  normal-force 
coefficient  at  TER  station  3.  Since  the  agreement  is  so  good  for  all 
other  components,  including  pitching  and  yawing  moments,  it  is  consi¬ 
dered  that  the  captive  data  are  substantially  correct.  Hence,  there 
probably  are  inflections  and  strong  gradients  in  the  normal  force 
approach  data  in  the  range  0  <  Z/D  <  0.1  that  would,  if  measurable, 
establish  better  agreement  with  the  captive  data. 
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By  using  the  data  acquired  for  both  MER  and  TER  Installations,  It 
is  not  possible  to  describe  the  mode  of  decay  of  the  load  components  to 
free-stream  values  along  a  Z  axis  that  the  stores  would  more  nearly 
follow  in  a  conventional  separation.  The  axes  along  which  data  were 
acquired  were  perpendicular  to  the  faces  of  the  shoulder  stations  on  the 
rack  and,  therefore,  in  the  y-z  plane  (cf.  Section  3.1  and  Fig.  13). 
Discontinuities  in  the  approach  data  (other  than  those  attributable  to 
fairing  of  the  data  as  discussed  above)  can  probably  be  ascribed  to  the 
canted  approach  axes,  which  subjected  the  store  models  to  stronger 
interference  from  adjacent  features  on  the  aircraft  than  would  a  ver¬ 
tical  approach. 

4.2.2  Stable  Configurations 

Two  stable  rack-mounted  store  configurations  were  investigated,  the 
CBU-24  {SUU-30)  and  MK  83  bombs.  The  CBU-24  was  tested  on  the  MER, 
mounted  on  the  C-L  and  LOB  pylons  (Figs.  47  through  52  and  53  through 
58),  and  the  MK  83  was  tested  on  the  TER,  mounted  on  the  LIB  pylon 
(Figs.  59  through  64).  Aerodynamic  loads  acting  on  the  CBU-24  and  MK  83 
were  acquired  with  the  store  models  approaching  and/or  receding  from  MER 
stations  1,  2,  3,  and  4,  and  TER  stations  1,  2,  and  3,  respectively. 

Data  corresponding  to  trajectories  from  either  all  four  MER  stations  or 
all  three  TER  stations,  as  appropriate,  and  on  one  pylon  station  are 
presented  on  each  page  for  one  Mach  number. 

Just  as  in  the  case  of  the  unstable  ASP  configuration  on  the  C-L 
pylon  (Section  4.2.1),  the  approach  data  for  normal  force  acting  on  the 
CBU-24  appear  to  be  in  poor  agreement  with  the  bracket-support  (captive) 
data  for  MER  station  2  at  Mach  number  0.6  (Fig.  47a).  However,  again 
just  as  for  the  ASP,  the  normal-force  data  at  MER-2  for  Mach  numbers 
0.9,  1.1,  and  1,2  indicate  that  there  are  inflections  and  severe  gra¬ 
dients  In  the  range  0  <  Z/D  <0.2  (Figs.  47b,  c,  and  d).  Strong  rever¬ 
sals  appear  at  MER  station  1 ,  as  well. 

Excellent  agreement  between  the  two  test  techniques  is  evident  for 
side  force  (Fig.  48),  axial  force  (Fig.  49),  and  rolling  moment  (Fig.  50). 
It  is  noted  that  for  the  CBU-24,  even  though  stabilized  with  fins,  the 
values  of  rolling  moment  are  negligible  ever5ntfhere  except  in  and  very 
close  to  (Z/D  <  0.1)  the  captive  position.  Corresponding  data  for  the 
CBU-24  and  ASP  configurations  are  remarkably  similar  (cf.  corresponding 
sub-titles  of  Figs.  28  through  33  and  47  through  52),  a  consistency  that 
tends  to  certify  the  validity  of  the  test  results. 

After  allowances  for  deflect ion- Induced  mislocations  of  the  touch 
point  (see  Section  4.1,1)  and  inflections  in  the  range  0  <  Z/D  <  0,2, 
pitching  and  yawing  moments  determined  by  the  two  techniques  appear  to 
be  in  excellent  agreement  (Figs.  5.1  and  52).  _  Values  of  pitching  moment 
cover  a  much  wider  range  of  values,  especially  in  the  negative  direction, 
than  for  the  ASP,  but  that  is  understandable  for  a  finned  configuration. 
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The  contorted  decay  modes  evident  for  MER  stations  1  and  3  are  further 
indication  of  the  complexity  of  the  flow  field  to  which  a  rack-mounted 
store  is  exposed  during  separation  (Section  4.2.1).  Very  little  yawing 
moment  develops,  since  the  rack  is  located  on  the  C-L  pylon,  with  signi¬ 
ficant  values  noted  only  at  Mach  numbers  1.1  and  1.2,  during  the  oblique 
approaches  to  MER  stations  3  and  4  (Figs.  52c  and  d).  Shocks  emanating 
from  adjacent  physical  features  of  the  aircraft  likely  cause  these 
moments . 

Figures  53  through  58  are  comprised  of  data  for  the  CBU-24/MER 
combination  on  Che  LOB  pylon.  As  for  the  C-L  data,  very  good  agreement 
between  captive  and  approach  data  is  evident.  For  normal  force  (Fig. 
53),  the  most  severe  gradients  occur  for  MER  stations  1  and  2  at  sub¬ 
sonic  conditions,  and  for  these  plus  MER  station  3  at  Mach  numbers  1.1 
and  1.2.  Very  clear  evidence  for  the  inflection-gradient  phenomenon 
exists  for  all  Mach  n;imbers,  and  for  all  MER  stations  investigated 
except  MER-4.  With  adjacent  stations  empty  (as  described  in  Section 
2.2.1,  appropriate  dummy  store  models  were  removed  as  the  instrumented 
store  was  moved  from  stations  1  to  4),  the  flow  field  in  the  vicinity  of 
MER  station  4  Is  apparently  less  complex  than  when  the  rack  is  loaded 
with  a  full  complement  of  stores. 

Side  force  (Fig,  54),  axial  force  (Fig.  55),  rolling  moment  (Fig. 
56),  and  yawing  moment  (Fig.  58)  all  represent  very  good-to-excellent 
agreement  between  approach  and  captive  data.  Even  pitching  moment 
(Fig.  57),  with  many  discontinuities  attributable  to  the  various  reasons 
discussed  above  and  in  Section  4.2.1,  reflects  good  agreement  between 
techniques.  The  reader  is  again  cautioned  to  recall  that  approaches  to 
MER  stations  3  and  4  are  along  oblique  axes  in  the  Y-Z  plane  instead  of 
along  a  simple  Z  axis,  probably  explaining  many  of  the  apparent  discon¬ 
tinuities  in  not  only  pitching  moment,  but  also  in  the  other  load 
components. 

Results  for  the  MK  83  store  configuration  are  presented  in  Figs.  59 
through  64.  Both  bracket-supported  captive  loads  and  sting- supported 
loads  were  acquired  with  the  instrumented  store  model  at  all  three  TER 
stations.  When  the  instrumented  store  model  was  on  or  approaching  or 
receding  from  TER  station  1 ,  dummy  models  of  the  store  were  mounted  on 
TER  stations  2  and  3,  but  when  the  instrumented  store  model  was  on  or 
approaching  or  receding  from  either  TER  station  2  or  3,  TER  station  1 , 
was  empty,  and  a  dummy  store  model  was  on  the  opposite  station.  No 
captive  data  were  acquired  for  TER  station  2,  and  none  at  Mach  number 
1.2  for  TER  station  1 ,  or  Mach  number  0.8  for  TER  station  3,  (The  MK  83 
was  the  only  configuration  for  which  data  were  acquired  at  Mach  number 
0.8.) 
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In  Fig.  59 >  the  existence  of  inflections  and  strong  gradients  in 
normal  force  in  the  range  Z/D  <0.2  can  be  surmised  from  the  data  pre¬ 
sented  for  TER  station  3.  Although  the  data  for  TER  station  2  appear  to 
decay  toward  free-stream  values  in  a  purely  exponential  manner,  the 
existence  of  data  points  for  Z/D  <  0  simply  indicates  a  shift  in  captive 
position  between  wind-off  and  wind-on  conditions,  so  that  the  correct 
captive  position  may  have  been  at  Z/D  =  -0.2  or  so.  (A  discussion  of 
the  reasons  for  this  position  error  is  presented  in  Section  4.1,1.)  For 
Z/D  >  0.2,  the  decay  of  normal  force  to  free-stream  values  for  all  TER 
stations  and  subsonic  Mach  numbers  is  exponential.  At  supersonic  Mach 
numbers,  the  decay  is  not  simply  exponential,  but  is  complicated  by  the 
complex  flow  field  through  which  the  store  model  passes  in  moving  along 
the  oblique  approach  axis  for  the  shoulder  stations  of  the  rack. 

Agreement  between  dual-support  and  bracket- support  data  is  very 
good  for  side  force  (Fig.  60)  and  axial  force  (Fig.  61).  Rolling  moment 
correlates  well  (Fig.  64),  with  an  exponential  decay  to  free-stream 
indicated  at  all  rack  stations  and  Mach  numbers-  For  subsonic  Mach 
numbers,  pitching  moment  (Figs.  63a,  b,  and  c)  indicates  excellent 
agreement  between  support  techniques,  with  an  exponential  decay  rate  to 
free-stream  values.  For  supersonic  Mach  numbers,  pitching  moment  decays 
in  a  complicated  manner,  not  only  from  the  shoulder  stations,  but  also 
from  TER  station  1,  probably  because  of  shock-induced  interference 
(Figs.  63d  and  e).  It  is  notable  that  even  at  five  or  six  store  diam¬ 
eters  from  the  captive  position  at  TER-1,  free-stream  values  have  not 
been  reached,  indicating  the  extent  of  the  interference  flow  field  of 
the  aircraft.  Trends  in  yawing  moment  (Fig,  64)  are  similar  to  pitching 
moment,  with  good  agreement  between  bracket-support  and  sting-support 
data.  The  reader  is  cautioned  to  recall  chat  throughout-  all  of  the 
above  tests,  the  store  model  was  constrained  to  a  fixed  attitude  of  zero 
deg,  and  that  the  loads  acting  on  the  store  under  this  condition  would 
not  necessarily  be  the  loads  acting  during  a  free  fall. 


5.0  CONCLUSIONS 

In  a  series  of  wind  tunnel  tests  conducted  over  a  range  of  Mach 
number  from  0.6  to  1.2,  measurements  were  made  of  the  aerodynamic  loads 
acting  on  models  of  eight  store  configurations  supported  in  and  near  the 
captive  position  on  a  model  of  a  contemporary  fighter  aircraft.  Loads 
were  measured  using  two  methods  of  supporting  the  store  models;  internal 
bracket  support  and  dual  sting  support.  Using  the  CTS  as  a  dual-support 
technique,  it  was  possible  to  evaluate  both  the  effects  of  the  "touchwire" 
gap  necessary  to  prevent  fouling  between  store  and  aircraft  models,  and 
the  effectiveness  of  using  the  CTS  for  measuring  captive  loads.  Charac¬ 
teristics  of  the  interference  flow  field  of  the  aircraft  were  determined 
as  secondary  observations.  Conclusions  that  have  been  drawn  from  an 
analysis  of  the  data  include  the  following: 
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1 . ,  Under  many  conditions,  aerodynamic  loads  acting  on  a  store 
model  in  the  captive  position  on  an  aircraft  model  can  be 
measured  with  equal  success  in  a  wind  tunnel  using  either 
internal  bracket-support  techniques  or  dual  sting-support 
techniques.  However,  Inflections  and  severe  gradients  in 
normal  force,  side  force,  pitching  moment,  and  yawing  moment 
can  occur  close  to  the  captive  position,  principally  in  the 
range  of  0  <  Z/D  <  0.2.  Therefore,  extrapolation  of  closest- 
approach  data  (acquired  using  dual  sting-support  techniques) 
to  the  captive  position  can  lead  to  large  errors  in  estimates 
of  captive  loads,  both  in  magnitude  and  sense.  In  the  design 
of  store  carriage  hardware,  critical  loading  arises  from 
consideration  of  the  total  flight  envelope  for  an  aircraft, 
especially  maneuvering  flight.  In  other  words.  Inertial 
loading  of  a  structural  component  usually  is  more  significant 
than  the  aerodynamic  loading.  Hence,  for  structural  design 
purposes,  the  aerodynamic  loads  determined  using  either  tech¬ 
nique  discussed  herein  can  be  adequately  valid.  However,  dis¬ 
cretion  is  Indicated  in  the  application  of  aerodynamic  captive 
loads  acquired  using  dual-support  techniques  in  analytical 
predictions  of  store  separation  trajectories- 

2.  Particularly  strong  gradients  exist  in  the  region  defined  by 
0  <  Z/D  <0.2  for  MER-mounted  stores,  especially  on  MER 
stations  1  and  3.  For  these  stations,  extrapolation  of 
nearest-approach  data  obtained  using  dual  sting-support  tech¬ 
niques  can  lead  to  large  errors  in  estimates  of  captive  loads. 

3.  Influences  attributable  to  the  touchwire  gap  are  least  evident 
for  axial  force  and  rolling  moment.  Axial  force  decays  within 
two  diameters  of  the  store  to  free-stream  values  in  a  simple 
exponential  fashion  for  all  pylon/ rack/store  combinations 
tested,  except  for  any  store  mounted  on  MER  stations  1  and  3, 
for  which  the  store  is  in  the  wake  of  the  forward  store  until 
separation  begins.  Rolling  moment  is  either  negligible  or 
decays  within  two  diameters  of  the  store  to  free-stream 
values  in  an  exponential  fashion  for  all  pylon/rack/store 

‘  combinations  tested. 

4.  At  subsonic  conditions,  effects  of  the  interference  flow  field 
of  the  aircraft  on  aerodynamic  loads  acting  on  both  stable  and 
unstable  stores  decrease  in  a  simple  exponential  manner  in  the 
range  of  Z/D  >  0.2.  However,  when  Moo  >  0.9,  the  development 
of  shock  structures  in  the  flow  field  leads  to  discontinuities 
in  the  decay  of  interference  effects. 

5.  The  influence  of  the  interference  flow  field  of  an  aircraft  on 
normal  force  and  pitching  moment  acting  on  a  store  can  extend 
beyond  five  store  diameters  from  the  captive  position  for  the 
configurations  tested. 
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6.  Difficulty  in  accurately  positioning  a  store  in  the  captive 
position  limits  the  precision  with  which  captive  loads  can  be 
measured  using  dual  sting-support  techniques.  Sources  of 
error  include:  deflections  of  both  store  and  aircraft  models 
and  associated  support  equipment;  design  tolerances  and  wear 
in  positioning  mechanisms,  and  aeroelastic  vibration  of  both 
models.  If  extreme  precision  in  captive  loads  is  required, 
either  bracket-support  techniques  should  be  used,  or  the  above 
inadequacies  must  be  overcome  to  allow  closer  approach  of  the 
store  to  the  captive  position. 
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Figure  2.  Schematic  illustration  of  the  captive  trajectory  system  (CTS) 
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Figure  3.  Schematic  illustration  of  a  typical  model  installation  in  Tunnel  4T. 
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a.  Multiple  ejection  rack,  model  MER-10A 


SECTION  A-A  (TYP) 


DIMENSIONS  IN  INCHES 

b.  Triple  ejection  rack,  model  TER-9A 
Figure  5.  Details  of  the  models  of  the  multiple  and  triple  ejector  racks. 
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BL  4.075 


Figure  7.  Details  of  the  models  of  the  F-4C  pylons. 
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a.  Black  Crow  (modified  SUU'16/23) 


DIMENSIONS  IN  INCHES 


b.  Hard  Structure  Munition 
Figure  8.  Dimensions  of  pylon-mounted  store  models. 
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ACTUAL  CONFIGURATION 


CONFIGURATION  MODIFIED  FOR  STING  SUPPORT 

DIMENSIONS  IN  INCHES 


c.  BLU-1  bomb 
Figure  8.  Continued. 
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CONFIGURATION  MODIFIED  FOR  STING  SUPPORT 

DIMENSIONS  IN  INCHES 

d.  IVl-118  bomb 
Figure  8.  Concluded. 
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a.  ASP 


DIMENSIONS  IN  INCHES 
b.  SUU-MB/B  (CBU-24) 

Figure  9.  Dimensions  of  rack-mounted  store  models. 
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ACTUAL  CONFIGURATION 


h - 5.466 - -] 

CONFIGURATION  MODIFIED  FOR  STING  SUPPORT 


DIMENSIONS  IN  INCHES 

c.  CBU46  (SUU-7)  launcher  pod 
Figure  9.  Continued. 
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ACTUAL  CONFIGURATION 


CONFIGURATION  MODIFIED  FOR  STING  SUPPORT 

DIMENSIONS  IN  INCHES 

d.  MK-83  bomb 
Figure  9.  Concluded. 
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Figure  10.  Typical  installation  of  an  internal  balance-supporting  bracket. 
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DIMENSIONS  IN  INCHES 


Figure  11.  Details  of  the  stings. 
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a.  Inboard  pylon  (also  valid  for  centerline  pylon) 


r 


b.  Inboard  pylon  with  TER  (also  valid  for  MER  installations) 


c.  Outboard  pylon 

Figure  13.  Illustration  of  axes  used  for  translating  store  to  obtain  store  loads 
as  a  function  of  separation  distance  from  the  captive  position. 
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a.  M_  =  0.6 

Figure  14.  Coefficient  of  normal  force  acting  on  the  Black  Crow  store  as  a 

function  of  normal  distance  between  the  store  and  the  captive  position. 
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Figure  15.  Coefficient  of  side  force  acting  on 
normal  distance  between  the  store 
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Figure  16.  Continued. 
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Figure  17.  Coefficient  of  rolling  moment  acting  on  the  Black  Crow  store  as  a  function  of 
normal  distance  between  the  store  arxl  the  captive  position. 
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Figure  17.  Concluded. 
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Figure  18.  Continued. 
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Figure  19. 
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Coefficient  of  yawing  moment  arting  on  the  Black  Crow  store  as  a  function  of 
normal  distance  between  the  store  and  the  captive  position. 
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Figure  19.  Continued. 
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Figure  20.  Coefficients  of  forces  and  moments  acting  on  the  BLU-1  store  as  a  function  of 
normal  distance  between  the  store  and  the  captive  position  on  the  LIB  pylon. 
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Figure  27.  Coefficients  of  forces  and  moments  acting  on  the  M-118  store  as  a  function  of 
normal  distance  between  the  store  and  the  captive  position  on  the  LIB  pylon. 
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Figure  30.  Coefficient  of  axial  force  acting  on  the  ASP  store  as  a 
function  of  normal  distance  between  the  store  and  four 
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Figure  34.  Coefficient  of  normal  force  acting  on  the  ASP  store  as 

a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  LOB  pylon. 
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Figure  35.  Coefficient  of  side  force  acting  on  the  ASP  store  as 
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134 


AEDC-TR-76122 


ASP  Os  =  0  Moo  =  0.9  LOB  PYLON 

IN  CAPTIVE  POSITION 

APPROACH  TO  CAPTIVE  ALONG  Z  AXIS 


^ — <2r 

J 

D 

0 

.5  1 

.0  1 

,5  2.0  2 

.5  3.0  3.5  4 

.0  4. 

I/O 


b.  M_  =  0.9 
Figure  35.  Continued. 


AEDC-TR-76-122 


I 


o 


AEDC-TR-76-122 


*SP  a,  *  0  M«  «  0.6  LOB  pylon 

•  IN  CAPTIVE  POSITION 
O  APPROACH  TO  CAPTIVE  ALONO  2  AXIS 


Q  I  I _ ■  I  ■ _ I _ 1—1 _ 1—1 _ I 

-0.5  0  0.5  1.0  1.5  2.0  2.5  3.0  3.5  4.0  4.5 


Z/0 

a.  M  -  0.6 
•• 

Figure  36.  Coefficient  of  axial  force  acting  on  the  ASP  store  as 
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Figure  38.  Coefficient  of  pitching  moment  acting  on  the  ASP  store  as 
a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  LOB  pylon. 
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Figure  39.  Continued. 
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Figure  40.  Local  flow  velocity  in  the  vicinity  of  the  TER  mounted 
on  the  LIB  pylon  and  loaded  with  M-117  store  models, 
FS  -  16.0,  M  =  0.85. 
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Figure  4l.  Coefficient  of  normal  force  acting  on  the  CBU-46  (SUU-7)  store 
as  a  function  of  normal  distance  between  the  store  and  two 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Figure  42.  Coefficient  of  side  force  acting  on  the  CBU-46  (SUU-7)  store 
as  a  function  of  normal  distance  between  the  store  and  two 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Figure  42.  Continued. 
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Figure  42.  Concluded. 


162 


AEDC-TR-76-122 


CBU-46,  AB2  Os  =  0  Moo  =0.6  LIB  PYLON 
•  IN  CAPTIVE  POSITION 

O  APPROACH  TO  CAPTIVE  ALONG  Z  AXIS 


Figure  43.  Coefficient  of  axial  force  acting  on  the  CBU-46  (SUU-7)  store 
as  a  function  of  normal  distance  between  the  store  and  two 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Figure  43.  Continued. 
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Figure  43.  Concluded. 
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Figure  44.  Coefficient  of  rolling  moment  acting  on  the  CBU-46  (SUU-7)  store 
as  a  function  of  normal  distance  between  the  store  and  two 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Figure  44.  Continued. 
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Figure  44.  Concluded. 
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Figure  45.  Coefficient  of  pitching  nwment  acting  on  the  CBU-46  (SUU-7)  store 
as  a  function  of  normal  distance  between  the  store  and  two 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Figure  46.  Continued. 
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Figure  45.  Concluded. 
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Figure  46.  Coefficient  of  yawing  moment  acting  on  the  CBU-46  (SUU-7)  store 
as  a  function  of  normal  distance  between  the  store  and  two 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Figure  46.  Continued. 
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Figure  47.  Coefficient  of  normal  force  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the-C-L  pylon. 
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Figure  47.  Continued. 
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Figure  48.  Coefficient  of  side  force  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  C-L  pylon.- 
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Figure  49.  Coefficient  of  axial  force  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  C-L  pylon. 
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Figure  50.  Coefficient  of  rolling  moment  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  C-L  pylon. 
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Figure  51.  Coefficient  of  pitching  moment  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  C-L  pylon. 
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Figure  51.  Continued. 
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Figure  52.  Coefficient  of  yawing  moment  acting  on  the  CBLJ-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  C-L  pylon. 
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Figure  53.  Coefficient  of  normal  force  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  LOB  pylon. 
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Figure  53.  Concluded. 
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Figure  54.  Coefficient  of  side  force  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of-normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  LOB  pylon. 
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Figure  54.  Concluded. 
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Figure  55.  Coefficient  of  axial  force  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  LOB  pylon. 
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Figure  55.  Continued. 
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Figure  55.  Continued. 
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Figure  56.  Coefficient  of  rolling  moment  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  LOB  pylon. 
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Figure  56.  Continued. 
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Figure  57.  Coefficient  of  pitching  moment  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  LOB  pylon. 
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Figure  57.  Continued. 
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Figure  57.  Concluded. 
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Figure  58.  Coefficient  of  yawing  moment  acting  on  the  CBU-24  (SUU-30)  store 
as  a  function  of  normal  distance  between  the  store  and  four 
captive  positions  on  the  MER  mounted  on  the  LOB  pylon. 
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Figure  59.  Coefficient  of  normal  force  acting  on  the  MK  83  store  as 
a  function  of  normal  distance  between  the  store  and  three 
captive  positions  on  the  TtR  mounted  on  the  LIB  pylon. 
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Figure  59.  Concluded. 
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Figure  60.  Continued. 
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Figure  61.  Coefficient  of  axial  force  acting  on  the  MK  83  store  as 

a  function  of  normal  distance  between  the  store  and  three 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Figure  61.  Continued. 
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Figure  62.  Coefficient  of  rolling  moment  acting  on  the  MK  83  store  as 
a  function  of  normal  distance  between  the  store  and  three 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Figure  62.  Continued. 
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Figure  62.  Continued. 
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Figure  63.  Coefficient  of  pitching  moment  acting  on  the  MK  83  store  as 
a  function  of  normal  distance  between  the  store  and  three 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Mk  83,  AB2  >  0  M..  >  0.8  LIB  PYLON 

•  IN  CAPTIVE  POSITION 

O  APPROACH  TO  CAPTIVE  ALONG  Z  AXIS 


b.  =  0.8 
Figure  63.  Continued. 
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Mk  83,  AB2  Og  =  0  Mm  >  0.9  LIB  PYLON 
•  IN  CAPTIVE  POSITION 

O  APPROACH  TO  CAPTIVE  ALONG  Z  AXIS 


STA. 


I 


Z/D 

c.  =  0.9 
Figure  63.  Continued. 
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Figure  63.  Continued. 
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Mk  63,  AB2  0^=0  Mm  =  0.6  LIB  PYLON 
•  IN  CAPTIVE  POSITION 

O  APPROACH  TO  CAPTIVE  ALONG  Z  AXIS 
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a.  =  0.6 

Figure  64.  Coefficient  of  yawing  moment  acting  on  the  MK  83  store  as 
a  function  of  normal  distance  between  the  store  and  three 
captive  positions  on  the  TER  mounted  on  the  LIB  pylon. 
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Table  1.  Miscellaneous  Dimensions  of  Store  Models 


Store 

^L> 

X  , 

eg 

in. 

in. 

in. 

Black  Crow 

4.546* 

5.296 

1 . 100 

HSM 

3.680* 

4.430 

0.900 

BLU-1 

ir* 

2.875 

3.215 

0.930 

M-118 

** 

2-074 

i 

2.810 

1.206 

ASP 

■k'k 

1.990 

2.335 

0.800 

CBU-24 

AA 

1.700 

1.933 

0.800 

CBU-46 

AA 

2.615 

2.990 

0.780 

MK  83 

AA 

2.175 

2.525 

0.700 

AB 

Number 


in. 

In. 

1.100 

0.40 

0.900 

0.40 

0.490 

0.40 

0.40 

0.800 

0.25 

0.437 

0.25 

0.150 

_ 

0.330 

0.25 

0.470 

0.25 

6.05  0.36  5.50 

6.30  O.U  7.00 


0.82  12.22 


0.64  6.65 
0.31  5.24 
0.57  9.18 


3.94  0.76  11.94 


Forward  30- in.  Suspension  Point 


Forward  14-in.  Suspension  Point 
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Table  2.  Uncertainty  Intervals  in  Force  and  Moment  Coefficients  for  Store  Models 


store 

K 

0» 

t{C^) 

r(C^) 

t(C,) 

m 

e(C^) 

tl 

Black  Crow 

0.6 

±0.023 

±0.030 

±0.032 

♦0.029 

±0.068 

±0.026 

0.9 

0.017 

0.022 

0.024 

0.022 

0.050 

0.018 

1 . 1 

0.015 

0.020 

0.021 

0.019 

0.044 

0,016 

1.2 

0.015 

0.019 

0.020 

0.019 

0.043 

0.015 

HSM 

0.6 

±0.036 

±0.047 

±0.048 

±0.054 

±0.126 

±0,051 

0.9 

0.027 

0.034 

0.035 

0.040 

0.093 

0.035 

1.1 

0.023 

0.030 

0,031 

0.035 

0.082 

0.031 

1.2 

0.023 

0.029 

0.030 

0.034 

0.079 

0.031 

BLU-1 

0.6 

±0.033 

±0.042 

±0.044 

+0.049 

±0.114 

±0.056 

0.9 

0.024 

0.031 

0.033 

0.036 

0.041 

1.  1 

0.022 

0.027 

0.029 

0.032 

0.036 

1.2 

0.021 

0.026 

0.028 

0.031 

0.072 

0.035 

M-118 

0.6 

±0.020 

±0.026 

±0.027 

+0.022 

+0.052 

±0.017 

0.9 

0.015 

0.019 

0.020 

0.017 

0.038 

0.013 

1.  1 

0.01  3 

0.017 

0.017 

0.015 

0.033 

0.011 

1.2 

0.012 

0.016 

0.017 

0.014 

0.032 

0.011 

ASP 

0.6 

±0.012 

±0.014 

±0.024 

+0.009 

+0.013 

+0.016 

0.9 

0.  009 

0.011 

0.019 

0.007 

0.010 

0.012 

1.  1 

0.008 

0.010 

0.017 

0.006 

0.009 

0.011 

1.2 

0.008 

0.009 

0.016 

0.006 

.0.008 

0.011 

CBU-24 

0.6 

±0.013 

±0.015 

+0.024 

+0.009 

+0.017 

+0.017 

0.9 

0.009 

0.01 1 

0.018 

0.007 

0.011 

0.012 

1.1 

0.009 

0.010 

0.016 

0.006 

0.010 

0.011 

1.2 

0.009 

0.009 

0.016 

0.006 

0.010 

0.010 

CBU-46 

0.6 

±0.012 

±0.016 

±0.025 

±0,010 

±0.014 

±0.018 

0.9 

0.009 

0.012 

0.019 

0.007 

0.010 

0.014 

1.1 

0.008 

0.010 

0.017 

0.007 

0.010 

0.012 

1.2 

0.008 

0.010 

0.016 

0.006 

0,009 

0.011 

MK  83 

0.6 

±0.022 

±0.025 

+0.028 

±0.022 

+0.027 

+0.031 

0.8 

0.018 

0.020 

0.023 

0.016 

0.022 

0.025 

0.9 

0.016 

0.018 

0,021 

0.016 

0.020 

0.023 

1.1 

0.015 

0.017 

0.019 

0.014 

0.018 

0.020 

1.2 

0.014 

0.076 

0.018 

0.014 

0.018 

0.019 
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AB 

BL 


%.C~h 

C 

A 

C 

a 


C 

m 

C 

N 

C 

n 

C 

Y 

D 


D 

s 

FS 

LIB 

LOB 

L 
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NOMENCLATURE 

Afterbody 

Aircraft  buttock  line,  measured  from  the  plane  of  symmetry. 

In. ,  model  scale 

Centerline 

Axial-force  coefficient  for  a  store,  axial  force/q  S 

Rolling-moment  coefficient  for  a  store  (referenced  to  the  axis 
of  syiranetry  of  the  store),  rolling  moment/q^SD 

Pitching-moment  coefficient  for  a  store  (referenced  to  the 
center  of  gravity  of  the  store),  pitching  moment/q^SD 

Normal-force  coefficient  for  a  store,  normal  force/q^S 

Yawing-moment  coefficient  for  a  store  (referenced  to  the 
center  of  gravity  of  the  store),  yawing  moment/q^SD 

Side-force  coefficient  for  a  store,  side  force/q^S 

Maximum  diameter  of  a  store,  in. ,  model  scale 

Diameter  of  the  base  of  a  store,  in. ,  model  scale 

Diameter  of  a  sting,  in. 

Aircraft  fuselage  station,  in.,  model  scale 
Left  Inboard 
Left  outboard 

Length  of  the  constant-diameter  portion  of  a  sting,  measured 
from  the  base  of  a  store  to  the  upstream  extent  of  the  variable- 
diameter  portion  of  the  sting,  in. 

Free-stream  Mach  number 

Free-stream  static  pressure,  psfa 

Free-stream  total  pressure,  psfa 

Free-stream  dynamic  pressure,  0.7p^M^^,  psfa 
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R 

S 

WL 


X 

FL 


Z 


Z/D 

I 


a 

s 

e(C  ) 

X 


Radius 

d2  2 

Reference  area  of  a  store  model,  j  >  ft 

Aircraft  waterline,  measured  from  the  aircraft  horizontal 
reference  plane,  in. ,  model  scale 

location  of  the  center  of  gravity  of  a  store,  measured  along 
the  longitudinal  axis  of  the  store  from  the  nose  of  the  store, 
in. ,  model  scale 

Location  of  the  forward  suspension  point  of  a  store,  measured 
along  the  longitudinal  axis  of  the  store  from  the  nose  of  the 
store,  in.,  model  scale 

Distance  between  a  point  on  the  top  ^surface  of  the  body  of  a 
store  model  at  any  position  in  the  flow  field  and  the  location 
that  point  occupied  in  the  captive  position  during  wind-off 
installation  activities,  measured  normal  to  the  lower  surface 
of  a  pylon  or  rack  station,  positive  away  from  the  aircraft 
(see  Fig.  13) 

Kondimenslonal  separation  distance  of  a  store  model  from  the 
captive  position 

Gravimetric  angle  of  attack  for  a  store  model,  deg 
Uncertainty  intetrval  of  a  force  or  moment  coefficient 
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DESCRIPTION  OF  AXES 

The  system  of  axes  referred  to  as  "tunnel  axes"  is  defined  in  a 
manner  similar  to  the  flight  axis  system,  but  with  a  constant  zero  roll 
angle: 

X  Parallel  to  the  free-stream  wind  vector  (assumed  parallel  to 

T  '  the  longitudinal  axis  of  the  test  section  in  the  wind  tunnel); 

positive  direction  is  forward  looking  upstream 

Y  Perpendicular  to  the  and  axes;  positive  direction  is  to 

T  the  right  with  respect  to  the  aircraft 


Z 


T 


Perpendicular  to  the  free-stream  wind  vector  and  parallel  to 
the  plane  of  symmetry  of  the  aircraft  at  zero  roll  angle; 
positive  direction  is  away  from  the  bottom  of  the  aircraft 


The  "pylon  axis"  system  is  defined  as  follows: 

X^  Parallel  to  the  lower  surface  of  the  pylon  and  parallel  to  the 

^  positive  direction  is  forward  looking  upstream 

Y  Perpendicular  to  the  Xp  axis  and  parallel  to  the  Xp-Yrp  plane; 

^  positive  direction  is  to  the  right  with  respect  to  the  aircraft 

Z  Perpendicular  to  both  the  Xp  and  Yp  axes;  positive  direction 

^  is  away  from  the  lower  surface  of  the  pylon 
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